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An lnve8tigat$Qn was conducted In the lTAOA 19-foot
pressuro tunnel of two--tapered wings with NACA 230-serie6
airfoil sections, straight leading e~gesp and @nstant-

chord center 8ec$ione. The spans, =east and root chords -.
of both wings were equal. The oenter-section span of one
wing was equal to the root chord; whereas” the oenter-
section span of the other was equal to twice the root
ohord. Both wings were equipped with partial- and full-
span simple split flapo.

Lift , drag, and pltchi~g-moment coefficients were
determined for the plain wing and for each flap arrange
ment through a test Reynolds number range of 2S60QJO00
to 4,700,GO0. Stalling characteristics were determined
for the plain wings and with. flaps defleoted 60°.

Yhe results of this inr~stigation indicate that,the
wing with the square center section has greater maximum
lift coefficients and greater incr9,u0ntta of maxlrnum lift
due to flap deflections than the wing with the rectangu-
lar center seotion. Th”e differen”oe in drag ooefflclent
for the plain wings is not appreoi.able. The aerodynamlc-
center looations were de~ermined as. 0.239 of the mean .
ohord back of the leadlng ,edge for th.e.wing .wlth square .“
center sec)tlons and 0.244 of the mean ohord for the wing
with rectangular center seotlon. Stall progressions
stztlng at the center section”atid working outboard were .
indicated for both wings. .Deflecting.the flaps on both
wings resulted in a- sudden stall.
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A:series of tests is being aonduated in the 19-foot
pressure tunnel of LMAL at the request of the Bureau of
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Aeronaut ios, Eavy b6p”artrnerit-;’to d~termine the aerody-
namic and stalling oharacterlmtice of conventional wings

with a nonlinear -disoributlon. ”of.bdtli .ahea and eection...
aerodynamic centers. The models for theee tests were
constructed by the Wavy Department from specifications
funished by the ~A@. , .T.estfiof two tapered. wings with
constant-ohord center eectlone and straight trailing
edge~ designated. wings III and VI are reporte~ In refer-
enoe 1. The present report covers tests of two tapered
wings with cons~ant-chgrd center sections and straight
leaa$ng edg”eb, which are &esignate& wings I and IV.

The l“ocatio~” of wing aerodynamic oenter is dependent
upon the distribution of area and section aerodynamic
centers along the span, Rqsearch reported in reference 2
provides data for determining the approximate locatlon cf
the aerodynamic center-for wing~ with a nonlinear distri-
bution olther. of area or of...~ection aerodynamic centers!
Caloul”&~ed values f..o,rthe w$ng ao~odynami’c centers wese- “
obtainoa by the method of .r.efareno6’2. Yon comparison with
the ‘experirnmental‘Waluss ,~btal.mea”.in the tsats. values” df
sect”i.on aerodjn.an””i-c..opnters for tJxsse paz%icular wing. , .
sections were t&pq .frorn.a.e?erenca .3. ‘- :.“ ‘

fior’the te~~~i”raport”ed herein; Lif,t,.-&Tag, and, pitch-
in&oment chract erist ics wore &eoterm”iued-for 6’Ad.i”wing
without flaps and with partic.l– and full-span simple. spilt
flaps at various d.ef.lections-t&+&gh a N~7nol.i18 number
range fypm 2,600,000 to .4,700,000. . A- study of the..Qtalltig
chsxacteristibs of the wings “was .dlso- mad”e;

.. .
.,— .-. .. . . . . .- 4. . .

. . . . .
. . . . . .. ..

ti~ELS . .. .*..”.. ... .... . ....” ..... .
!Che plairi w~n~q “brc~~a~c ,rn,o~el.ewere furnished by th~.

Bureau of Aeronautic.s, .ti~v~lLep+r*ment ,..-a .wOre Built tmb.
EACA hpecif ioat ioh~.; “,T~.~es-w.ipgs Qqve been “deaighated .-
wing I ana wing IY. .The :g”dneral.dirnemsions’ of “the two
wings are ~iven h figure 1, They were constructed of lam~-
nated mahogany to NA(7A.230+eries a.irfo.ilseotions”, and
were sprayea with: lacquer an&. s~ndea. @maoth,’ The airfoil ‘
sections are MAOA” 23015 at the. root and NACA” 23009 at. the
oonstruotiori tip~~” ~me maxbu+. ordinate pofnts of the upper
eurface lie in the” same horizontal, .plahe And the” leading
edges are straight . Neither wing hae geometrio twist .
2he span, area, root chord’, and aspeot rat~o of both wings
are equal. The center-s eotion span of wing I is equal to
the roct chord, and the o?ntqr-section span of wing IV i.e
equal to twice the root ohord. The taper ratios for the

.
.... “
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outer panels are. 2.00 ..and.2.86 and. .thq forward sweep of
... the. ua.rter-chord .poirits 6$ l?ie’out tir””panels-1P 3.17° and

85.25 for wings I and IV, .raspeetively.
-:..\-

5!he flaps used were 2&per cent-dhord simple SP13V

: flaw .aoaet-ruqt ed ,.of.,thlp metal. The d?plred flap defleo-
.b:tions “VW e @taine& hy’“Lnamtirfiqg””:tr~~gu~ar- :.woedefi.blooks

A betvte~ -the wins ..lowtp surfacb and: the f~ap {.”.ghe fia,p““
spans were 53 percent of the til.ngta~ari.f’or.“the “,partlal-
span condltlon and 90 per cen’t of the wing epan f’dr the”
full-span oondlt ion. , ‘m..,.... . .... .... :....r .-

Txs* s””- ““”” “’” ‘ “ “ :
.. .. . . . . . . . .,. ... . . . .“

The tests wera conducted” in thb ~ACA 19-foot pres-
sure tunnel with the air in the tunnel compressed to an
absolute pressure of 35 pounds per square inoh, and with
the model mounted on the standard wing supports (fig. 2) .
The purpose of the tests was to determine ths aerodynamic
and stalling oharaoteristics of conventional wings wtth
nonlinear distribut ion of both area a“nd-””sect,ion”:”aerod~
namio centers.

...””. .’ . .- .:.*.. ,.
The methomd of testing was similar to that used in

r6fera”nce 1 an~ Values ‘ar6””believ6’dto “be“a-ccurate wit-bin
the following limits: ..

.. .. SJ ... .. . .
andegroea . . . . . . . .. . ... . . . .. . . . . .. +0.1
W* . . ● , , . . . . .... .. . ... . . .’:. .-:.:+:O;::
Cm . . . . . . .. m... .m . . . . ..q ... . ..,. .... ..
%(~L=o) m a . . . . . . . . .. . . . . . .. +0.00.

.. .

Lift ,“drag~ .’an~ pitobir
Y
..oment data were obtained

from foroe tests for the pla n wings (df = 0°) and for

the win s with. partial-~pdn,atid” full-span flaps. defleoted
s15°, 30 , 45°, and 60°. !Che teste oovered an angle-of-

attack range from - 6° to the angle of stall at test
Reynolds num%ers of approximately 2,600,000, 3,’700,000,
-and. 4’~700,000. S.A study of..i?he.etalling: oharaqtaristiqs
was made hy observing the’ action, of ..wobl.tuj?ts attaohed
to the upper surface of the wing. Sketches, still plo-
ture13, and mov~ng p.ieturee..were made of the stall pr~
gression at va&lous &gles of .at%ack for the plain wing
and for the wing wm~ ~tial-span and full-span flaps
deflected 60° at a Reynolds number of approximately
4,700,000.
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Syntboltii

. ., ””:.”..“ . .. .

. .
?hq.-dtit~a’arkpre.sept.ed”in terms of standard nondi-

mension~l coefgiofant~ and are .correoted -for model support
.tafe.. and. ~nt~f er.dnde~ The coefflcletits and symbols
used herein &e daflned. as follows: “ “. . .. .

CL
. .

lift coefficient (L/qS). . . ‘.. .: .
..

CD drag coefficient (D/qS) ‘“ - “ “’ .. .“. -
~.----

. .. . .
cm pltchin~moment ooeffioient about quarter-chord

..:..,. . ...~oint. ox root seotion (k!/q S=). ,:.......1~..,,, .’ “..-. .: !...
.’”~-.’where::i..:i.:r~”~f.’”.f‘“” . ., .- .’ .: “ . .“.” 7

t. ..%. . ...... ... -..... .:
..... m.-.:....
.. .,i ‘“o’”..

. . . “.-.:Mf.t.,jounds :.7”::!... ... . . j “. “. . -..: .;
...:.... .... .-... . .
..:’”m~..~-.&ag;,:,poudw-”’ -; :...::.,: ‘.‘... - ,: ‘:.. ‘.

. ... ..... ..... . .. . ....”. .... ..... . ....
N pitching moment ,-foot-.poun.dh.’..!..:-.,‘~. .‘~. .

.. ,.... .. .. . .
.: -.”-.......... ...

q .dy&mio .’~i.edaure of ,updistur:~ed.air ~kr cam.,.pounds
-...1.... .. J.. ... . ,;:.:.::;-:. .

. per square foot
b
~.plf :“...; ,, ..:..... .. . .

., .,. .

... :E, : . ..
wing 8r~a-. (32.14. sq ft) . . . , . . .., .,‘...

.. -z - deti .chomd, :s/.b.’(l.4.4kt.) . ‘ . f , , ..,. . . . ,.

b wing -s~an ~(15”ft). - . .’ ~ ~ ~ ~ ~ ‘ ,1.-
1,.’.
. ... . P-.~ ~ mase” dens.&@ of .a.ir, slugs per cuh~c foot .;... .. . . .+ ..:...... . ... .. . .

“ v“
..

.. .fre.e+3tze.& velocit~v” ~aet p’er 00co.n~ ~.. .:...”. ..,.,., . .
.. . . .

.’~~d’..:..:..a ;: :.”..., “. . . ..,. ,...
. . .: .&f .~flnp .~q?.lect’ios’~eaeured-bbtwtien .lotier &urface of. .. . .. . wing. and fl~p, degr.eas . . . ....Z .:..1? .... .~,... ... .. :... ..
“, ,a. : . angle’ b? ittdq~. .o.fraot ‘chord .c,orrected for jet-.-. ...... . .. hovnd+y eff.ecfiand. air-flow misalinement, degrees. . . ..,”. . .. . .
. . . .. . ... . .. . ,. ..:.. .:.. ... ..

.. .. ....’.. .. . . ... ..
. .

.



R Reynolds number based on mean wing chord (pm/w)
..———.... .. ..... ..... . ---

P coefficient of viecoeity

M Haoh number (ratio of free-stream veloolty to speed.
of somd)

Lift and Stalling Characteristics

Norce-test data for the range o-fReynolds numbers
are presented In figures 3 to 89 Comparison of the lift
values at Isf = O reveals that wing I has a maximum lift

coefflc2ent of 1.64 (fig. 5) as-compared wtth 1.62 (fig.8)
for wing IV. The variation of maximum lift coeffiolent
with Reynolds number Is shown In,~lg,urqs 9 and 10, No
consistent variation is indicated. ~i~d 11 shows V8J?i-

atioz of Inorement of maximua lift with flap deflection.
Tho increment of maxtmum lift coefficient due to partial-
and full-span split flaps deflected 60° is 0.74 and 1.10,
respectively, for wing I and 0.65 and 0.98, respectively,
for Wtng Iv.

A comparison of the data presented in figures 5, 8,
and 11 with similar data of reference 1 re~oals that the
wing with Q straight lea~lng edge hae a higher maximum
lift and a greater increment of maximum lift due to spltt
flaps than the corresponding wing with a straight trail-
ing edge.

The stall diagrams are shown in figures 12 to 17.
The stall progression of both wings without flaps is
rapid. the stall starting at the oenter section and mov-
ing outward. The tips did not stall throughout the range
of angles of attack investigated. A decided cross flow
was noted. along the trailing edge inward as far as the
constant—chord section. The addition of partial-span and
full-span flaps hae little effect on the angle of stall.
With flaps deflected, both wings have a sudden stall, the
meet critical co dlt ion being when the full-span flaps

?3
are &efleeted 60 .

A comparison of the stalling characteristics of the
wings reported herein with those of relerence 1 reveals
that wings I and IV have higher angles of stall and a
more rapid stall progression than wings III and VI of
reference 1. For wings I an?. IV the stall starts at the
center seot ion; whereas for the winge of reference 1
the stall starts outboard and progresses toward the center.



Drag Characteristics

A oonparison of the drag ourves of plain wings I and
IV reveals no appreciable difference In the drag coeffi-
cients up to a lift coefficient of 1.0.

Pitching+onent Characteristics
. .

The pitchin~nonont (surves for wings I and IV are
shown together in figure 16 for comparison. Both ourves
have appositive elope, 5ndicating that the wing aerody-
namics center is forward ef t“m quarter-ohord point of
the root section. The slope of the pitchln~nonent curve
for wing I Indioatea that its norodynanio center is far-
ther forward. ~eccwse wing IV has greater sweepforward
than wing 1, the effect of Increasing the center-section
span is to d.ecre~se the tendency of the sweepforward to
shift the aerodynamic canter forward.

The positions of the wing aerodyn~io centers neas-
ured from the leading edge were determined both from the
exporlment~l data of reference 3 and by calculation ao-
cording to the method outllned An reference 2. A compari-
son of these result~ is gl~en in the following table:

—.. -.-. — .. —---— --------- .

~,ng I Horizontal looation of aerody-
.

I namic center back of leading
edge in terms of S/b

+- —— ---- 1

“ -d---’-’’!E!’:-
COHCLUS IONS

!l!hetests reported here”.n wore of two tapered wings
having straight leading edges cn~ oonstant-ohord oenter
sections but with different center-seation spans. The
center-section span of wing I was equal to the chord and
that of wing IV was twice the ohord. The results indi-
aate the following conclusions:
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1. Wing I has greater maxlm~ llf”t “~~ef?~c~ents aid
greater tnoremeats of maximum lift ooeffio%eht due to “
split flaps thah wing IV for all comparable oondit lone
tested.

~ 2. The inorement of maximum lift ooeffioient due to
A split flaps Is greater for the wings with straight lead-

ing edges than for similar wings with straight trailing
edges.

3. The dlffeaenoe in drag coefficients of wing I and
wing IV ut low anfl moderate lift coefficients is not ap-
preciable.

4. The effect of lncrf3a,f,e in oenter-section span is
to decreaso the shift of the aerodynamlci center of the
wtn~ in the d.ireetioc of the wing..sweep.

Langley Xemor ial Aeronaut Ical Laboratory,
I?atfond Advisory Committee for Aeronautics ,

Langle7 Field, Ta.
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ADOTQACT 
Uind-tunnel tests xraro conducted to determine difference In lift and drag co- 

efficients and the differences in the stall and pitching moment characteristics of tco 
nings.    A wing with a square center section showed better maximum lift coefficients than 
c tring with a rectangular center.    Drag coefficients were approximately the same for both 
nings.    Increasing the center section span moves the aerodynamic center stray from 
direction of wing sweep. 
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Dashington, D. C. 
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